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use in the oxidation-reductions systems associated with increased cell metabolism. Owing to this growth, the concentration levels fall sufficiently to allow translocation of this substance from other parts of the plant to these rapidly growing centres, so that the amount actually present increases.
This increase obliterates the losses that should be detected were the glucoside utilized in the formation of new tissues, save in the endocarp where there is a falling off in the amount present with increased lignification of the shell. In the previous year's growth the glucoside is also found in the young phloem immediately external to the cambium ring, where it may be used in new tissue formation.
A third possible use is found in the fact that quinones of the juglone type are toxic to the lower forms of plant life such as moulds, fungi and bacteria. The highest concentrations of the glucoside occur in tissues concerned with the reproductive cycle, and after fertilization of the flower and the maturation of the fruit are accomplished, these huge amounts are discarded in the male catkins and the husks. From this it would appear that it is used as a protective agent to ensure the success of these processes. The large amounts in the husk persist until the lignification of the shell is complete, thus preventing bacterial or other penetration to the ripening seed. Should the seed be attacked, then large amounts of the hydrojuglone glucoside infiltrate to prevent further damage. In a similar manner the vegetative buds are protected to ensure the appearance of the shoots for the following year. This toxic action was also observed by Reinking (1943) in that many annuals will not grow in the vicinity of walnut trees.
None of these suggestions for the role of the glucoside takes into account the large amounts of ascorbic acid which are known to be present in the young fruits. It is possible that there is some definite interaction of these two substances depending upon the differences in electrode potentials. This can only be determined by a further study ofthe occurrence of the ascorbic acid, which work is still in progress. SUMMARY 1. A spectrophotometric assay for the 5-glucoside of 1:4:5-trihydroxynaphthalene has been applied to extracts prepared from various parts of the walnut (Juglan8 regia).
2. Definite seasonal variations have been found for the concentration and the amount per unit of this substance.
3. These have been discussed with regard to the possible role of this substance in the economy of the plant.
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The Identification of the 'Apparent Vitamin C' of the Walnut (Juglans regia) with Hydrojuglone Glucoside The provisional term 'apparent vitamin C' was applied (Wokes, Organ, Duncan & Jacoby, 1943) to compounds occurring in foodstuffs and natural products which interfered with the determination of ascorbic acid by the 2:6-dichlorophenol indophenol titration. It was applied to the non-specific dye reductant found in walnut extracts, and the occurrence of this was investigated by Wokes, Organ, James & Melville (1944) and more recently by Wokes & Melville (1949) . As a-hydrojuglone glucoside, isolated from the walnut (Daglish, 1950a) , shows marked reducing activity, it is possible that this compound is responsible for the so-called 'apparent vitamin C' activity.
Evidence lending weight to this suggestion was obtained by comparing the dye-reducing properties of the glucoside and also its seasonal variation, with those of the 'apparent vitamin C'.
Preparation of extracts. Extracts of various plant parts were prepared in 0-27 w ethanolic HCI as previously described (Daglish, 1950a) .
Methods of assay. Two methods of assay were applied to extracts prepared during the 1948 and 1949 growing seasons. These were (i) the spectrophotometric assay using the mathematical correction of described in an earlier paper (Daglish, 1950b) ; and (ii) the following modification of the formaldehyde dye titration.
The dye solution was prepared according to the United States Pharmacopoeia XII. It was prepared freshly each day and standardized against ascorbic acid; each millilitre of solution was equivalent to 0-125-0-13 mg. ascorbic acid or 0-24-0-242 mg. hydrojuglone glucoside.
Walnut extract (2 ml.) was diluted with freshly prepared -25% (w/v) HPO solution (5 ml.) and titrated to a 10 sec. end point. A second 2 ml. portion of the same extract was mixed with buffer pH 4-98 (5 ml.) and 40% (w/v) formalin (2 ml.), allowed to stand 6 min., diluted with 25% (w/v) HPO, solution (10 ml.) and again titrated to the same end point. Since any ascorbic acid present condensed with the formaldehyde under these conditions, the second titration gave the titre of the 'apparent vitamin C', whilst the difference between the second and first titrations gave the titre of ascorbic acid.
The formation in the mixture of a yellow oxidation product made the end point an orange rather than a pink colour. Under constant conditions, the above visual titration gave results which agreed with the more accurate potentiometric assay within 5 %.
Factors affecting the reaction of hydrouglone glucoside with the dye. Under the above conditions, the dye-reducing activity of solutions of hydrojuglone glucoside was unaffected by the presence of formaldehyde.
The effect of pH on the titration was determined as follows. A 0-27N ethanolic HCI solution of hydrojuglone glucoside (2 ml.) was diluted with buffer (20 ml.) and agitated by a stream of N2. The dye, of which approximately 2 ml. were required for titration, was added in 0-1 ml. A second series of determinations was made in which the pH was maintained constant, but the time interval between the dye additions was varied. For 20, 30, 60 and 120 sec. dye additions, the results with the glucoside were 100, 94-1, 93-5 and 84.7%, respectively, of the maximum titration value. With freshly prepared bud and catkin extracts, values of 100, 100 and 83-4% were obtained at 20, 40 and 60 sec. The 10 sec. e.m.f. readings taken during the 60 sec. titration are plotted in Fig. 1 . The experimental points are the 10 sec. e.m.f. readings taken during the 60 sec. additions of the dye.
Solutions of the glucoside and extracts were titrated against the dye in the presence of added synthetic ascorbic acid. The titre of the isolated glucoside was unaffected, but the dye-reducing value of extracts was lowered (mean lowering for 10 extracts, 13.4 %; range, 4.2-22.5 %). DISCUSSION Wokes (1946) showed that the dye-reducing value ofthe 'apparent vitamin C' ofwalnut extracts varied with the pH, and afforded a method ofdifferentiating it from ascorbic acid and gluco-reductone. The results with extracts in Table 1 confirm his findings. As the same variation was found for hydrojuglone glucoside, it would appear that this compound was responsible for the 'apparent vitamin C' activity. The reason for the variation was not revealed by spectroscopic examination of the. dilutions in the various buffers, and it appeared unlikely that ketoenol tautomerism could be a sufficient explanation. However, when the variations with pH of the oxidation-reduction potentials of the dye and glucoside were plotted, as in Fig. 2 , the curves for the two compounds intersected at pH 4. Hence it would be impossible for the dye to oxidize the glucoside at this or a higher pH, and the results in Table 1 are due solely to the varying difference in potential. As the potential difference at pH 0-06 was only 200 mV., and a difference of 300 mV. is deemed necessary for complete oxidation (Glasstone, 1940) , it is doubtful whether 100% of the glucoside could be oxidized by the dye at the lowest of pH values. Actual titration showed that only 70 % of the glucoside was oxidized in 5 % HPO3 solution. Average figures of 77 and 71.2 %, with ranges 41F6-130, and 44-3-107 respectively, were obtained by comparing the titration results with those of the spectrophotometric assay, for twenty-five bud and sixteen catkin extracts, in which the formaldehyde method had shown that practically 100Oofthe reducing activity was due to the 'apparent vitamin C'. By definition, the 'apparent vitamin C' is that portion of the dye-reducing activity of walnut extracts which is unaffected by formalin solution at pH 5 for 6 min. Under the same conditions, formalin has no action on the dye-reducing value of solutions of hydrojuglone glucoside.
In contrast with the behaviour of many compounds responsible for the 'apparent vitamin C' activity of foodstuffs, the dye-titration values of the glucoside and of walnut extracts are decreased by increasing the time interval of dye additions. Fig. 1 compares the rates of reaction with the dye, of the 'apparent vitamin C' of the carrot and of hydrojuglone glucoside.
First, in winter buds and catkins, where the formaldehyde titration shows only 'apparent vitamin C' to be present, the reducing activity can be accounted for by the presence of hydrojuglone glucoside. Secondly, chromatographic separation of these extracts on alumina failed to reveal other dyereductants. Thirdly, the distribution of the two factors in the developing buds and catkins (Fig. 3) is almost identical.
The distribution of the two factors in some other parts ofthe plant, particularly the fruits (Fig. 4) , and the different tissues of these, would seem to suggest that the hydrojuglone glucoside is responsible for most, ifnot all, of the 'apparent vitamin C' activity.
In the leaves, however, a different state of affairs was found to exist. With the development of the leaves from the opening buds, there was a fall in concentration of the glucoside. This fall was most noticeable in the mesophyll, in which, by the time the colour had changed from its original red-brown to green, no glucoside was found. The dye titrations showed, after the initial fall in concentration, a levelling off at about 225-550 mg./100 g. (1948 and 1949) (Fig. 5) . Since chromatographic separations confirmed the absence of glucoside, it was obvious that some other reductant was present. The ratio of dye titration results to those of the spectrophotometric assay also confirmed that this new factor was present in the midribs and stalks. There was a definite gradient of this new factor into the midribs and stalks from the mesophyll. 
Separation on alumina showed that the substance had an absorption curve in ethanolic HCl, with a peakat 275, andinflexionsat 300,330and 375m. It gave a positive cyanidin reaction with magnesium and hydrochloric acid, and a green colour with ferric chloride solution. It was always associated with the tannins of the leaf, and though it has not yet been isolated in a state of purity, it appears to be a flavanone, related to epicatechin (3:5:7:3':4'-pentahydroxyflavan). Although this new factor was found in the leaf throughout the whole of its growing period, it was not detected in any other tissue. In contrast, hydrojuglone glucoside was found in all other tissues exhibiting 'apparent vitamin C' activity. Hence it would appear that what has been referred to in the past as the 'apparent vitamin C' of the walnut is hydrojuglone glucoside. SUMMARY 1. The dye-titration values of hydrojuglone glucoside solutions and of walnut extracts are similarly affected by changes in pH and the time interval between the additions of the dye.
2. Seasonal variations in concentration of the glucoside are similar to those of the 'apparent vitamin C' in buds, catkins and fruits.
3. These facts suggest that most of the 'apparent vitamin C' in the buds, catkins and fruits of the walnut is hydrojuglone glucoside.
4. A second non-specific dye reductant, probably a flavanone, has been found in the leaf.
